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Abstract
·AIM:Todeterminetheprevalenceofasthenopiaand
identify any associated risk factors in the college
studentsinXi'an,China.
· METHODS:FromApriltoSeptember2012,1500
studentsfromfiveuniversitiesinXi'anwereselected
accordingtoamulti-stagestratifiedclustersampling
method. Data on demographicfeatures, lifestyle or
dietary habits, health status, living environment
conditions,sleepandmentalstatus,andasthenopia
symptomswerecollectedthroughaself-administered
validatedquestionnaire.Univariatelogisticregression
andmultivariatelogisticregressionanalysismodifiedby
thefactoranalysiswereperformedtoevaluaterisk
factorsforasthenopia.
·RESULTS:Fifty-sevenpercentofthecollegestudents
complainedofasthenopia.Statisticallysignificantrisk
factorsforasthenopiaintheunivariateanalysisincluded
13variables.Multivariateanalysisrevealedasignificant
relationshipbetweentheuseofcomputerandasthenopia
(OR1.21,95%CI:1.09to1.35).Goodsleepandmental
status (OR0.86,95%CI:0.76to0.97),goodliving
environmentconditions (OR0.67,95%CI:0.60to0.76),
andhighintakeofgreenleafyvegetables(OR0.89,95%
CI:0.80to0.98)werefoundtobestrongpredictorsof
decreasingtheoccurrenceofasthenopiacomplaints.
·CONCLUSION:Asthenopiasymptomappearestobe
commonamongcollegestudents;anditisstrongly
associated with computer use, psychosocial state,
environmentconditionsanddietaryhabits,suggesting
thatadditionalstudiesarewarrantedtoverifytheserisk
factorsandestablishpreventionguidelines,especiallyfor
collegestudents.
· KEYWORDS: asthenopia;riskfactor;epidemiological
feature;collegestudent
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INTRODUCTION
A
sthenopiaincludesvisualdiscomfortsymptomssuchas
impairedreadingperformance,lightsensitivity,blurred
vision,diplopia,andperceptualdistortions
[1].Ithasbecomea
significantpublichealthproblem
[2].Withthechangeof
lifestyleandthespreadofpersonalcomputers,increasing
ratesofsuchcomplaintshavebeenreportedinvarious
industries
[3].Theseasthenopiasymptomscanbesevere
enoughtolimitpersonalactivitiesandfurtherresultin
potentiallyspeedingupthedevelopmentofage-relatedeye
diseases
[4].Therefore,identifyingriskfactorsofasthenopiais
ofgreatimportancetoimprovevisualfunctionanddecrease
theriskofvisualfatigue.Someepidemiologicstudieshave
foundthatasthenopiawaspossiblyassociatedwithsystemic
symptom,psychologicalstatesandenvironmentalfactors,
whereasstillothershavereportedinconsistentresults
[5,6].
Moreover,untilrecentlylittleinformationisavailable
regardingtheasthenopiawithriskfactorsamongthecollege
students. Mostofthemhavebeenexperiencingthe
processingoffunctionalmaturationofthevisualsystemin
thistimeframe,whichmakesoculartissueofcollege
studentsmore sensitivetotheenvironmentalchange
comparedwithotherpopulations
[7].Thedecreaseinvisual
fatigueamongcollegestudentsmightleadtoanimportant
benefittopromotenextgenerationoftheircareerandhealth.
Therefore,weconductedacross-sectionalstudytoexamine
therelationshipsbetweenvisualfatigueandtherelated
factorsamongcollegestudentsfromfiveuniversitiesin
Xi'an,China.
SUBJECTSANDMETHODS
Subjects Studentsaged18to30yearswereselectedin
Xi'an,ShaanxiProvince,accordingtoamulti-stagestratified
clustersamplingmethod.Inthefirststage,thefive
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universitieswereselectedfromXi'an.Inthesecondstage,30
to40studentdormitoriesofeachgradewerechosenfrom
eachselecteduniversitybasedonlistsofthedormitory
scheduleofdifferentgrades.About700studentdormitories
wereselected.Finally,1to3studentsfromeachselected
dormitorieswerechosenassubjectsofthestudy.Atotalof1
500studentswereenrolledinthestudy.
Methods Thiswasacross-sectionalstudy.Thequestionnaire
wasdevelopedbyanexpertpanelusingthenominalgroup
technique.Thequestionnairewaspilotedon40subjectsand
theresultssuggestedthatthisquestionnairehadgood
reliabilityandvalidity.
Informationondemographicfeatures,lifestyleordietary
habits,perceivedhealthstatus,thehygieneofusingeye,
livingenvironmentconditions,andsleepandmentalstatus
wererequestedonthequestionnaire.Doingexerciseshours
werecategorizedintothreegroups:<0.5h/week,0.5-3.5h/week,
and>3.5h/week.Bodymassindexes(BMI)werecategorized
intothreegroups:<24kg/m
2,24-27.9kg/m
2,and 逸28kg/m
2.
Dailycomputerusehourswerecategorizedintofourgroups:
<1h,1-3h,3-5hand>5h.Asthenopiasymptomswereadopted
fromtheitemsofthesubjectivesymptomchecklist:eyepain,
dryeyes,eyeswelling,blurredvision,diplopia,foreignbody
sensation,photophobia,tearing,decreasedvisualacuity,and
difficultyinsustainingvisualoperations.Asthenopiawas
definedasthepresenceofoneormorethesesubjective
symptoms
[8,9].Theinterviewwasconductedface-to-face
betweeninterviewersandinterviewees.Thestrictsupervision
processhadbeenfoundtoensurethequalityofthe
investigation.Theparticipantswereassuredthattheywould
remainanonymous.
Statistical Analysis Alldataofquestionnaireswere
uploadedintoacomputerizeddatabaseaftercheckedfor
accuracybytwoinvestigatorsindependently.Differencesin
demographicdatabetweenthecasesandcontrolswere
comparedusingthe
2 testforcategoricaldata.Oddsratios
(OR)and95%confidenceintervals(95%CI)werecalculated
byusingunivariatelogisticregressionanalysistoquantifythe
associationsbetweenasthenopiaanditsrelevantvariables.
Factoranalysiswasusedtoidentifythestructureunderlying
significantvariablesandtoestimatescorestomeasurelatent
factors principalcomponentanalysis
[10].Thefactorsare
rotatedbyanorthogonaltransformationandthefactorswith
eigenvaluesgreaterthan1.0wereextracted.Therelationships
betweentheoccurrenceofvisualfatigueandthescoresof
factorswereassessedbymultiplelinearregressionmodels.A
2-tailed valueoflessthan0.05wasconsideredsignificant.
AllanalysiswereperformedusingtheSPSSstatistical
software(version12.0,SPSSInc.,Chicago,IL,USA).
RESULTS
EpidemiologicalFeatureofAsthenopia Ofthe1500
studentswhorespondedtothesurvey,31(2.1%)didnotcomplete
theitem.Theparticipantsagedfrom17to28years,their
averageagewas21.4years,and58.7%aremales.Ofthe
remaining1469(97.9%)students,838(57.0%)reportedthat
theyhadasthenopiasymptoms(Table1).Theresultsshowed
thatthedifferencebetweenmalesandfemaleswasnot
significant( >0.05).Smoking,drinkinganddoingexercises
werenotmarkedlydifferentbetweencasesandnon-cases
definedby theasthenopiasymptoms.The comparison
betweenthemrevealedsignificantdifferenceofBMI( =0.02).
UnivariateLogisticRegressionAnalysis Theresultsof
univariatelogisticregressionanalysisshowedthateach
variableinTable2wassignificantlyassociatedwiththe
occurrenceofasthenopia.Independentprotectivefactors
includedhigherintakeofgreenleafyvegetables(OR0.65,
95%CI:0.44to0.95),airquality(OR0.45,95%CI:0.31to
0.64),sleepquality(OR0.50,95%CI:0.36to0.71),mental
Table 1  The comparison of general characteristics of 
subjects with and without asthenopia in universities 
Parameters  Case 
(n=838) 
Normal 
(n=631) 
1P 
Gender, n (%)       
M  492 (58.7)  370 (58.6) 
F  346 (41.3)  261 (41.4) 
0.98 
2BMI, n (%)       
<24kg/m
2  745 (88.9)  580 (91.9) 
24-27.9kg/m
2  79 (9.4)  49 (7.8) 
≥28kg/m
2  14 (1.7)  2 (0.3) 
0.02 
Smoking, n (%)       
Yes  91 (10.9)  68 (10.8) 
No  747 (89.1)  563 (89.2) 
0.96 
Drinking, n (%)       
Yes  137 (16.3)  111 (17.6) 
No  701 (83.7)  520 (82.4) 
0.53 
Doing exercises, n (%)       
never  229 (27.3)  189 (29.9) 
<3.5h/week  423 (50.5)  280 (44.4) 
≥3.5h/week  186 (22.2)  162 (25.7) 
0.06 
1Based on χ
2 test. 
2BMI: Body mass index, calculated as weight 
in kilograms divided by height in square meters. 
 
Table 2  Simple logistic regression for the factors related to asthenopia 
Variable  OR (95%CI)  P 
Intake of green leafy vegetables  0.65 (0.44, 0.95)  0.028 
Daily computer usage  4.22 (3.60, 4.95)  <0.001 
Cathode ray tube computer screen  1.17 (1.06, 1.30)  0.002 
Viewing angle of computer screen  1.29 (1.01, 1.65)  0.047 
Eye or systemic disease  1.82 (1.06, 3.10)  0.029 
Taking medicine  3.54 (1.34, 9.36)  0.011 
Indoor temperature  1.90 (1.33, 2.70)  <0.001 
Air quality  0.45 (0.31, 0.64)  <0.001 
Noise  2.18 (1.55, 3.08)  <0.001 
Sleep quality  0.50 (0.36, 0.71)  <0.001 
Mental state  0.72 (0.53, 0.98)  0.034 
Sense of social identity  0.40 (0.28, 0.57)  <0.001 
Family history of eye disease  2.04 (1.27, 3.27)  0.003 
 
719state(OR0.72,95%CI:0.53to0.98),senseofsocialidentity
(OR0.40,95%CI:0.28to0.57);andhigheroccurrenceof
visualfatiguewasassociatedwithdailycomputerusage(OR
4.22,95%CI:3.60to4.95),cathoderaytube(CRT)
computerscreen(OR1.17,95%CI:1.06to1.30),viewing
angleofcomputerscreen(OR1.29,95%CI:1.01to1.65),
eyeorsystemicdisease(OR1.82,95%CI:1.06to3.10),
takingmedicine(OR3.54,95%CI:1.34to9.36),unsuitable
indoortemperature(OR1.90,95%CI:1.33to2.70),noise
(OR2.18,95%CI:1.55to3.08)andfamilyhistory(OR
2.04,95%CI:1.27to3.27).
Factoranalysis Fromthefactoranalysisoftheasthenopia
symptoms,sixfactorswereextracted(Table3).TheFactor1
wascomputeruse,consistedofthreeitems,whichweredaily
computerusage,typeofcomputerscreen,andviewingangle
ofcomputerscreen.Factor2,goodsleepandmentalstatus,
includedsleepquality,mentalstate,andsenseofsocial
identity.Factor3,goodlivingenvironmentconditions,
consistedofthreeitems,whichwereindoortemperature,air
qualityandnoise.Factor4,badphysicalstate,containedeye
orsystemicdisease,andtakingmedicine.Factor5,good
factorofdiets,consistedofintakeofgreenleafyvegetables.
Factor6wasfamilyhistoryofeyedisease(Table4).
MultivariateLogisticRegressionAnalysis Theresultsof
themultivariatelogisticregressionanalysisoffactorsrelated
totheoccurrenceofasthenopiaareshowninTable4.The
outputofthelogisticmodelrevealedsignificantassociations
betweenfourfactorsandtheoccurrenceofasthenopia(<
0.05).Amongthefactors,computeruse(OR1.21,95%CI:
1.09to1.35)wasariskfactorfortheoccurrenceof
asthenopia,whereasprotectivefactorsincludedgoodsleep
andmentalstatus(OR0.86,95%CI:0.76to0.97),good
livingenvironmentconditions(OR0.67,95%CI:0.60to0.76),
andgoodfactorofdiets(OR0.89,95%CI:0.80to0.98).
DISCUSSION
Recently,numerousstudieshaveinvestigatedthe
epidemiologicalfeatureofasthenopia,andfoundthenumber
ofpeopleaffectedbythisdiseasewasexpectedtorise
dramaticallyinthenearfuture
[3,11].AakreandDoughty
[12]
assessdtheassociationbetweenself-reportedsymptomsof
asthenopiaandvideodisplayterminal(VDT)use.Theresults
indicatedthatthepeoplereportingexperiencingsomevisual
symptomsorspecificocularsymptomssometimeswere
70.0%and82.5%,respectively.Asimilarprevalencerateof
eyefatiguewasalsoobservedinastudy,conductedin
operatorsofcallcenters
[13].Untilrecentlythestudy
specificallyconcerningtheprevalenceanditsrelatedrisk
factorsofasthenopiaamongthecollegestudentswerestill
limited.Inthecurrentstudy,ourresultsfoundthattherewas
ahighprevalenceofasthenopiaofthecollegestudentsin
Xi'an,approachingto57.0%,whichwascomparabletothose
intheworkersusingVDTreportedbypreviousstudies.This
findingfromthisstudyindicatedthatcollegestudents
experienceddeterioration intheireyehealthstatus.
Therefore,itisurgenttoidentifyitsriskfactorsanddevelop
effectivestrategiesforhelpingtoprotectagainstasthenopia
andimprovevisualfunctionincollegestudents.
Ourfindingsprovidedevidencethatmultiplefactorshavethe
potentialtoinfluencetheincidenceofasthenopia,including
psychologicalstate,environment,healthstatus,anddietary
andlifestylehabits.Long-timeVDTusecouldgradually
damageregulatoryfunctionoftheeyesandthenresultinthe
formationofvisualfatigue
[14].Yoshioka
[15] suggested
thatVDTworkof6horlongerperdaywassignificantly
associatedwithsleep-relatedsymptomsandvisualfatigue
amongJapanesegovernmentclerks,evenafteradjustingfor
possibleconfoundingfactors.ComparedwithCRTcomputer
screen,highercontrastratioofliquidcrystaldisplay(LCD)
resultedinbettervisualrecognitionandhighersubjective
preference,makingenhancing workersatisfaction.In
addition,thelowerreflectedlightorglareofLCDcould
bringlessharmtotheoculartissue
[16].Moreover,visualand
Table 3  Eigenvalue, contributive rate and cumulative contributive rate for every factor 
Parameter  Factor 1  Factor 2  Factor 3  Factor 4  Factor 5  Factor 6 
Eigenvalue  1.57  1.55  1.23  1.22  1.10  1.06 
Contributive rate (%)  12.08  11.92  9.49  9.38  8.46  8.12 
Cumulative contributive rate (%)  12.08  24.00  33.48  42.86  51.32  59.43 
 
Table 4  Multivariate logistic regression of factor score 
Common 
factor  Dominant variable  Meaning  OR (95%CI) 
F1  Daily computer usage, cathode ray tube computer 
screen, viewing angle of computer screen 
Computer use  1.21 (1.09, 1.35) 
F2  Sleep quality, mental state, and sense of social identity  Good sleep and mental status  0.86 (0.76, 0.97) 
F3  Indoor temperature, air quality, and noise  Good living environment conditions  0.67 (0.60, 0.76) 
F4  Eye or systemic disease, and taking medicine  Bad physical state  1.00 (0.89, 1.13) 
F5  Intake of green leafy vegetables  Good factor of diets  0.89 (0.80, 0.98) 
F6  Family history of eye disease  Family history  0.98 (0.89, 1.08) 
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ocularproblemsarewellknowntobeassociatedwith
awkwardpostures
[17,18].Ourresultsagreedwiththeearlier
studiesandreportedarelativelyhighcomplainingofvisual
fatigueforthesubjectswithpoorviewingangleofcomputer
screen.Thus,collegestudentsshouldbeadvisedtopaymore
attentiontoacomfortablesittingpositionanduseadjustable
chairs.
Underthenegativeemotions,thestressresponseof
autonomicnervoussystemdeterioratestheendocrine
functionandthereafteraffectstheinternalenvironmentof
eyes,whichleadstotheaggravationofvisualfatigue
[19].We
investigatedtherelationofpsycho-mentalfactorstovisual
fatigueandfoundthatagoodmentalstateandasenseof
socialidentityexertedbeneficialeffectsforvisualfatigue.
OurresultswereconsistentwithworkbyYe
[20],who
notedthatnegativementalstatusweresignificantlypositively
associatedwithvisualabnormalitiesamongJapaneseVDT
users. Moreover, ourfindingalsowas supportedby
significantassociationthatwasfoundbetweenimprovement
inthequalityofsleepandthedecreasedriskofvisualfatigue.
Asufficientamountofsleepisbeneficialtorelieve
asthenopia promotingthefunctionalrecoveryinciliary
muscleandrelaxingeyemuscles
[21].
Environmentalfactorshadbeenidentifiedamongtheseveral
riskfactorsthatcouldaccountfortheincreaseinasthenopia
incidence.Underhostileenvironment,decreasedtear
secretionwillaffectthestabilityofthetearfilmwhichresults
in shorteningthetearbreak-uptime.Rocha and
Debert-Ribeiro
[22] noticedthatthepresenceofvisualfatigue
andmentalsymptomswererelatedwithpoorworkingand
livingconditions.Ourstudyalsoindicatedthatadverse
environmentalconditions,includinguncomfortableroom
temperature,poorairqualityandnoise,areindependentrisk
factorsfortheincidenceinvisualfatigue.Consistentwithour
findingsregardingtherelationshipbetweennoise and
asthenopia,Fowler
[23] reportedthathigh-frequencynoise
appliedtohealthyspeakerswouldresultinsignificant
increasesinvisualdiscomfortand/ordelayed-onsetmuscle
soreness.Improvingenvironmentalconditions,including
roomtemperature,airqualityandnoise,mayhavepotentially
importantsignificancetodecreasetheriskinvisualfatigue.
Asotherimportantenvironmentalfactors,illuminationlevel
attheplacewhereVDTisusedorwherethesecollege
studentsstudy,mayberelatedwithasthenopia.Under
inadequatelightingconditions,thestudents'pupilswill
continuouslydilate,resultingintheoccurrenceofvisual
fatigue
[24].However,theresultsofourstudydidnotobserve
thesignificantrelationshipbetweenilluminationleveland
asthenopia.
Healthydietaryhabitshadbeneficialeffectsonmaintaining
normalmetabolismandphysiologicalfunctionofeyes.Dark
greenleafyvegetablesaregoodsourcesofantioxidants
includingluteinandzeaxanthin,andtheconsumptionof
thesecarotenoidshasbeenassociatedwithreducingtherisk
ofage-relatedeyediseases.Thecombinationofevidence
suggestedthesecarotenoidsplayanimportantrolein
preventingofvisualfatigueanddelaytheprogressionof
age-relatedmaculardegenerationbyaidinginthefilteringof
damagingbluelightandquenchingreactiveoxygen
species
[25].Ourpreviousstudieshadalsoindicatedthatthe
supplementationwithluteinandzeaxanthincouldimprove
visualfunctionandrelieveasthenopia
[26].Meanwhile,the
largestfractionsofmosteye-protectivenutrients(suchas
vitaminA,luteinandzeaxanthin)arestoredinadipose
tissue
[27].Thus,higherbodyfatpercentageandBMImay
competewiththeretinaforuptakeofthesenutrients,
resultinginlessincorporationintheretinaandlowermacular
pigment.Thismightexplainthereasonwhysubjectswith
higherBMIhadahigherasthenopiaprevalencethansubjects
ofnormalweightinpresentstudy.Inaddition,wealso
evaluatedtheeffectsoftakingnutritionalsupplementationon
theoccurrenceofasthenopia.However,wedidfound
nutritionalsupplementationledtoasignificantbenefit,partly
due to limited number of students takingnutritional
supplementsinourpopulation.
Pastepidemiologicdatahavelinkedhistoryofeyedisease
andeyeinjurytoriskofvisualfunctionallimitations
[28].As
mostof collegestudents havenot experienced these
incidents,ourresultsshowedthattheriskofasthenopiawas
notsignificantlyinfluencedbythisfactor.However,itisalso
importanttopromoteeyehealthandpreventcertaineye
diseasesinordertoreducetheriskofasthenopia.
Strengthsofthisstudyincludeamulti-stagestratifiedcluster
samplingmethoddesign,strictsupervisionprocess,and
excellentresponserates.However,thisstudyalsohasseveral
limitations.Thecross-sectionalresearchdesignofthecurrent
studydoes notallowinferencesofcausalityabout
directionalityamongvariables.Inaddition,thisstudy
involvedonlyfiveuniversitiesinXi'an,whichlimitedthe
generalizabilityofthefindings.
Inconclusion,ourresultssuggestedthatvisualfatiguehave
becomeanincreasinglyimportantpublichealthproblem
emergingoncollegecampuses.Theobservedhighasthenopia
symptomprevalenceisprobablyrelatedtopsychological
state,environment,healthstatus,anddietaryandlifestyle
habits.Therefore,longitudinalstudiesinvolvingcollege
studentsareworthwhiletoidentifytherelatedfactorsfor
intervention.
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